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(54) METHOD FOR GROWING NANOMETER-SCALE PARTICLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable use as a quantum electrode 
device such as a single electron transistor. 
SOLUTION: Nanometer-scale particles 3 of Au, for example, are 
caused to adhere onto an Si02 surface layer 1 having receptor sites 4 
of a first electric polarity provided by processing with an APTMS 
solution. The Au particles 3 has a surface charge 5 of the opposite 
second polarity by surface-absorbed citrate ions, for example. As a 
result, those particles are attracted to the surface sites on a substrate. 
The Au particles caused to adhered are released from the substrate 
sites following that. Those particles move on the substrate and are 
united to be a low-dimensionally integrated construction. It is possible 
to produce this integrated construction in an irregular surface part on 
the surface of the substrate. 
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(3)«. APTMSSf£CCJ:£#tgrm©1I»&& 

©ht^im h (4) *i#4sn^s i Ot&wm 

( 1 ) ±fc«*3ft*. A utfc^ ( 3 ) tt, MAWftlB 

iww <5) -e-©^. -etie>©ti*w:g«± 
wawu:* 9« Lrmjuomsmik t & * £ ^ 
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iwtm*<mm) 

[M#B13*S<1. 2) Hct;s-Z • 
©&* (3) *s»g*a*&r*or. Sfi©Hffi± 
K*i©**wtt©ns7*iM h (4) ms 

m- (3) HGIU:©mBftiniM Hcf|*o»&ti* 
J:5Jft2©ii!«§tt©Slffi1§ffi (5) **U IWBtt** 
BifiBaffi^ -f h 5 C 4 ted: *) . flrstfe?*ss 

• X *•-;!/©&* (3) £/&B3-t**#ft. 
[M$9t2 ] iJIB»«^BPFaiija ( 1 7 a, 1 7 10 
b) 4*U B^ttdn^tt-^M^KTMIPWtCft^ 

i {ct2i8©*&, 
fcaKdHSJWc (is) *»ifcu t© 

7^J/^->©i!.y (17a, 17b)#ftlBftlB 
^iliJiUftfcfc^t. 11*^2 KfBi&©:frft. 

g«k»)4>&<4t>l 0te**l»fi (w) ©fflgc>?8 (1 
6) M^9(3Ktt©m 

[M$qi5 3 Siria^fljjSrt©^ (3) i*2t>K{fc* 20 
wetter*. 5Wfr«««fli©i»'fn*»KiB«©* 
a. 

[Hj#£6 ] nrett : f©AiB©«fif«i»K$««c&ic 
j:9**i&*iMe»iiHJ--f h*6Jira***{*"eiwie* 

«±©tt-f- (3) **HWSt4*£fc. fffiT&fflt 
?I©i»rti*>K:Ett©*tt. 

[N$g 7 ] flne&-?©&Bftcite? a c 4 jc «fc o *n 

S«±©&i=- (3) t«HM-£C&*Str. ^tfrSfl 

*3®o^-rn*>{cgBtt©m 30 
[■Mens ] me«ft». irgB^*jgw©Bi»-rst4 

*&<b3fcWKSl>Kte£*Siifc#££tHa#Jg5 SfctJ 
6iB*S©^ft. 

[»#*9 ] frtB^^«7JU*> • 

7iBtB©#ft. 

[IS^ll 1 ] l5fBJS^ttx»y-;uSS«*-cUIBS« 

in -m 1 2 j mBtt?ii. ij>js < 4 fcratawctte 
*»tcia«©m 

[M*g 1 3 ] mea? < 3 > tccme* 2 ©si4©«i 
mm 4*^ (5) awf^sn*. ftfrrsM4ogo^ 

r*i*>«:fBi8©m 

[iM&gi 5] friBia^«^)s$fe«'5-©K{b«j^6^ 
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[ttsjsQ 1 6 ] tnettm au. as. p<i. p 

t. Ti, Cu, Cd, Hg. A 1 *>l/< ttN i , ttc 
ttSiO,. A 1,0,. NiOfcl/<ttTiO,*6#« 
S*i&»3»Bl 5iB4S©;£ft. 

1 8 ] fflBtt?t*. S i . C d S *fcttC d S 

efrbBi&stizmmi 7iBtt©m 

[ft$3l 1 9 ] ffletmt 1 0 n m£fctt*nfe*T©¥ 

ft. 

mnas 2 0 ] tMBtfrft* 2 n m + /- 1 0 %©fi&* 
1 9iB*S©£ft. 

Sfctfrtc* » * y > *#rciiriBg«©3<ffi*#gi > r.& c 

4**t>. *fT-j-*»«a©i»r*x*«:Eii©m 
mz i iBis©m 

[f«^2 33 maat& (2) y. w 

«5/5>-c«i3ti*s i o,ji«rr*»#a2 i* 

/c«2 2IBSl©;£ft. 

[11*82 4 3 «9IBW^>7>«7 5 s^tto/V's-Ck 

z>n*m2 3tB«c©^ffi. 

[§i!*S2 53 WE*«i/5>tt3- (2-T5^i^ 
;l>7 5-/) ^OfcVl/h'J^ *fc«3-7 
5^^Dt;UF yy HrS>5/5>. *fctt3- [2- 

(2-75 yi^;PT5y) X-?)IT 5 V] 7" a bVl/ h 
F+S/5/9>KJ:0«rt3tl*ll3»3l2 4iBi8©^ 

ft. 

[8S*«2 6 3 BdtB«®«liT8B«i^©*14!SSjgK:3 6 

$n€>is*^8~2 5©i>rn*» 1 -?{ciBi8©^ft. 

[fS*S 2 7 3 > ^ y > ^J-C^S ft 

^©*fMMKRi|UC*tmc. 86»* S C 4 %#^if jJ? 
^2 BEttom 

[H*3i2 8 3 MG«l^Mjitc«M()«:lSttSn&S« 
±©*ttfc«»*C4*£tr. 5feff-r5fl*iR©l->1*n 
^{CfB$S©^ft. 

[11^2 93 *tf-r*iii«JB©i»r*i*»«:iB«©*tt 
[I93}5i3 o 3 friBm^»jg{c?So/t^-m^ h y 

«3£3*i**-*^- h *>'Jx****&nHOX2 9fB 

[19*53 1 3 §ST?BM¥-rsil*3S3 0iB«©^<-f 
^. 

[19*53 2 3 wie^«SBiiim ! J{c#®©i?336»e> 
tto. *fc»fi^7c«js©<>©-c*4. 5wr*m*5i 

©t>-rn*>fCfBK©r^W ^. 
[^W©»tffl«cK"Jli3 
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[000 1 ] 

U #-m*r7>yx2^*U7V^*©<J: V«tffi 

*n?-7 : 'Uz<Dm&^<D®fe<Dm& (fib. mm? 

6fc©-CB&(.>) ICWtZ. 
[0002] 

[fiE*©s«5] mtomi-otiitimmzm+m*? 

"4 XBJRfcTC&D. W. Chen, H. Ahmed fc^tfK. Nak 
azato, Appl. Phys. Lett. vol. 66 , 3383 (1995)£# 10 

'J > ViCtt?* 9-U > • ?n 9 T- F (Coulomb block 
ade)£§-f S:f ^ ^ - * • X* -;I/-C7ft£3 nfc£3IS 
■C*>Sl>fci9>Sfl* K» r^JflJT*. C©S»|ICC«fcft 
B. B©ffiSi*JU4^;J:/aB©&x*;i>*-J:9A-$ 
<. *©SS*. -a. ^-©m^AOjitJCitc^O 

>ub. t©2&n£fflt,>-c. vicBiMtzm 

— ^(single electrons)£!Slft-r •&&©•?* 9 . ftM 20 

ctrodes^CCcfcOfftoSS*!*. 
[0003] C©«fc^ft->^f-A(C^T^^-a> • ^ 
a ?4r- FSS&B. Hermann Crabert fc<kc>'Michel H. 
DevorettCj:<£> "Single Charge Tunneling" (Plenum Pr 
ess.NawYork, 1992) pp.l-3(C. WfflkStlX^Z. C© 
3^*^. M+'r'iJ ZltttS^XZ-til' ■ zfUv 30 

mmzmm? #©<fc5&2o©g$ 

[0004] 

Ec = e'/2C » kT (1 ) 

R T » R, = h/e l (2) 

cctc. Tl&''<<f;iftfHUt. Rt tth>*y>y 

(tunneling resistance), R« = h/e' B&ta 
fi^ (resistance quantum). Ec = e'/2CBF 
v Frtrfc^iJUBHfcS^tflS (localised electronic 
state)fcg</c#£iftf!&X*Jl/¥--C&S. CCKl. 40 

-f&b^, «?$#i2©&ffi^tt^t£(gecmetrical shape 
of the charge distribution) tCW^f £5£3K£ LT5£ 
»6il-&„ COMCIJ. £)g£5.X$(metal cluster 

©tg£CtkS«>4C<!:#-Cta. M. Macucci, Karl Hes 
s %&&XfQ. J. Iafrate, "Electronic Energy Spectrum 
and the Concept of Capacitance in Quantim Dots" ,P 
hys., Rev. B, vol. 48, p. 17354 (1993)£#RB3 Jlfc 
v>. 50 
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[000 5] ^ffl©#-m^r^V^B. IS, ttth 
%T = 3 0 0" KXWm ZttWmtLKK C<OCt 

b. fjiasti ( i ) iph, ®&cwtnicbz<tMh 

tffr&ttl* (09;tBC«3xi O-^F) Ci^SlftO 
Tt>*„ 

[0006] gffiCB. #©£ 5 K. 2 o©H&*gft 
©ffliLTJ^-rSc. 
[0007] C=Cs+Ce 

CCtCC sBiB^fi(self-capacitance)-C4>0. Si 
JWRil* (infinity) £©|BI©gffiK:J:«3t8JiX3*lS. 
CeB. #7VWX©F9 Fi^H©mffii©ra©SS 
Xb*>. F9 F©BS*n 0nm<fc9/h3<&-&£. B 
BSfiC s Bft&#©&flC e J: 9 < ft£© 
-C, C*l#££l,-C r-*;b©£ftC£&;rr-2>. Uc 
^©^©S&fl^&iE-f •S/c&KB. F9rtM 
XB 1 0 n m <fc 0^3 < &Wft«ft6ttv>. LfrLKOfi 
1 0nmJ;»3^$v>F^ h-t^X©^U^B. fit 

i*-rsc.<t#-c&£i>. tftB. JMa©ftiti©eca57j<is 

• X*— *®tt?|*. riD-f h'tttft^colloida 
1 partiles)*^^^??.** (molecular clusters) 
©iStt. {b^ffjicl OnmiO/hSc^Srswsc 

^(citrate gold sols)*©^©3 0 FtCfi^B. 
2nm*>61 0 0 nm©lMXSfiH-CI3:B6ttTl>5. 
N. Uyeda, M. Mishino, *J<fctfE. SuitoCCfc-SColloida 
1 and Interface Science vol. 43, p. 181 (1973)5:# 
MZtltcKK 1. 4nm©£©£Jii3 7lMX£ 

WrSE14^^bL/t(ligand-stabilised)A u fl f 
5X£fcffi£3*lT(,>& (C. Schon and U. Simon, Col 
loid Plym. Sci., vol. 273, pp.101-127, pp.202-218 
(1995)£#JI3*lfcv>) . Ctlt><Dm*D*%tjimi<D 
-OB. -c-nP.©ti J r-^'fX©^*l«fc<S$-,TL>4 
CtT?*S. ±ie©Uveda et al«C$H& 3 tlT ^ 
&«6-5t©ia;l>3a-{ KKAuCEXS^. *HX<D9m 
Bl 0%©^ie<ill*W^S. ^^7^^©t|^, 
•f X^ffiBJlT-X^r— ;I4SS (atomic-scale accuracy) 

■c^ss. cn^o^^^-jr-ju^w^iasB. ia 

©A7^-^tcj:o^*s. m-mm^mmttR 
it^^y-ftcfc^rs^cjitfb. -e-np»©si£;{c 
BgE*©>;v^7 ^ »»>?F9 n«i{c*»t>Tfti; 

[0008] *JRBMb«aiB±{C30 -f KttttT-*tta 
(rj-7-^>y) -fS^ffiBl 9 6 0^R*^*ae.n-C 
iJO. #^iL>TR. L. IlleKCj:S3ournal of Colloi 
d and Interface Science, Vol. 21, pp 569-594 (196 
6)£#M3ttfct>. ->7> • *7"5(Silane Coup 

ler)5:fflt >X&milMkm±.^ A u tt?«j5)« 3 1* I 
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C<h(J. A. Doron, E. KatzfcJrO'l. WillmerfCj:&Lan 
gnur, vol. 11. pp 1313-1317 (1995)K:$R£3ft'tt> 

[ o o o 9 ] Q-m^'U zv>m&it 2 7 X Zitfr* 

lofflf-SCitt. D. L. Klein, P.L. McEuen, 3. E. B. 
Katari, R. Rothfc <fc£M. P. AlivisatostCfc&Pll . P 
hys. Lett. 68 , 2574 (1996)&CiBiS3;h,-C t S J 
• Z*~fr<D&tfr*Mm7ilt>yM%.(.cp\d partic 
le ligated alkane chains)*! r >*)lf$gt bxm^ 

^ns. tarn mmx.<D£mnw®v> vw??* 

•fe>^US%(self assembly techniques)£/!it>TI<>& 
[00 10] 

1 9 9 6*£2£ 5 BCCfftfStettfcEP 9630077 
9. 4 (Ar t 54 (3) EPC) (Cfc^t, fB* 

O0B$^cp©. 1 9 9 0^1 1^1 5HKlWK3h7c 
EP96308283. 9 (Art54 (3) EPC) 

Mcffi&X?sJ-$ - *ir-)Um**®&$.X> S 
[001 1] 

[00 1 2] ^^tcfcntf, s^bc*^-* • * 

icW 1 <DmiW)fe\k® Hz 7'*tr r (receptor sites) 
SrStf. tt*K»l,TSi!2©&@&©SI®1i)S5£-$;t.5 
C<b«:4:i3fife±©Mie^li-!r^ h«c^Sa^*^|^o 

[0013] mmk&m&it. mfoitm<D*mwmz 

Tfcfc)^ t©^X Hz T'*-^ r £ 



(4) ttBfl¥ 1 0-3 2 1 834 

6 

^tsmtil±<DM®Zfeib> -£©v * 2 ©x iWS&m 
J:94>&< £4> 1 0f&*#t>il£W*.SiNfl : B<,>$£5£fe 

[0014] -e-n^co^ffiKis^-ri^^w 

7;W*> • ^tf-^Calkane thiol)?**) 5 £. S&JiSt 
#tt, WX\t7 • (alkane dithiol)"C 

10 *0. i6£^rt©R&l,fcta*E±*<fc?WK:*§£-r 

[0015] ttm *2®fftt®*iBft*sftrc<f * 

> ( tff r "5 - h (citrate) -ftf» £Wt,5-&. 

[ooi6] MSfctt&mMbft. «u«a 

uir>mf&L'>Z>. <IU WAtfAg. Pd. Pt. T 
i. Cu, Cd. Hg. AltKttNi. tfcitS i 
O,. A 1,0,. NiOtKttTi 0,<DJ:3fcffi!©tf 

[0017] Ifrftt. 1 0 nm£MtCt\&LT<D¥-$)& 

20 

[0018] mmft+zmtzttibK.. %<D$m* 

*v7>)^>mX'®mLXl'*zf*i • tM h*KW*C 
iaPrSrS. W*.«. S«#S i O.IB%^S^y3 

Cft£, 7 5 yfrfi6^7> (amino fun 
ctional silane)©<fc "5 5 > (orqano-silane)? 

[0019] 5 si^f^ 

-f^<WP«aEKffll»&t:43&Jrt&. m^©^Sft(transpo 
30 4Ufttc£tl3ti**&*Ktt?t>J:<r>. C©<fc5JcLT 

$tisxm\,>zctifiv$z. c©#-«^fh7>^ 

(t*f-f 5*-n:/ • ^a ?^r- F(Coulanb blockade)^ 
[002 0] 

[»w©iuii©jBfiS] o <t < a»?-r-&/cA 

K. *|SW©mSCT*. «T, aSff©0M4#JSLa*i 

40 [002 1 ] Stwr^t^WK: J:4*S©HteffJ(c*$ 
C»r. 1 0nm©^l*itS*J«fcU c l nm (+/- 1 0 
%) -SStfrf*. HllcwtS 

3HR2±tc«uafiS*rcl 5^n>il©S i 0,JRl_h 
(CfiS;fi3#4. ^©tyx^-;Hft^-wa^©S^4* 

a et al{CiBl83nrt>-5J;^«:. HAuCl. 4H,0 
O&fKi t H/^A'S/h^-h (sodium citrate)?:® 

50 5. cojgfiR©s^BSartf^. c©ite*{#6.ti.5it 
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muck, mmmztittistv-v • 4*y*mtz> 

ft<Dfc©J&l. Nanop robes Inc. 25E Loop Road Ste. 12 
4, Stony Brook, NY 11790.3350 USA*> hM AT £ C £ 
#-C&6. C©&?W:7M&®jI?fc (aqueous suspension) 

u©^{c*fu-c^<Dm^^^„ eiTfcttW-raw-c 

tffltS#3P-( FtKfft-^CGCP : gold colloida 
1 particle)^ r 7- rig$tt. D. A. HandleytCfcSCo 10 
lloidal Cold - Principles, Methods and Application 
s, M. A. HayarfS. Academic Press, New York, 1989 V 

o. l, P i3{clB4g3ti/ci/">f«:J:o-cSi<iUc„ 
[0022] ccr. eai. (a) tciiti>fcS&(c-'?i>'C 

c©s««. mti (30m 

Wfr-fvXf&iiUoxvgen plasma ashing)-C$&-r&„ 

3W£or^ofc»R©38i»«»*3ti*. c©0!ir 
b. #?:/>;>d0Wtty s ^fti/-? c© 20 

3- (2-75^x?;l/75^) ^Of;Uh'J 
^ r + isis v y (3-(2-ami noethylamino)propyltrimetho 
xysilane (APTMS)©2. 3 mMTkiSStrttCSftRO. ?S0 
fc. m> »R*«fi«*6lBUr. 3KB*©Zo<0jfrt 

(nitrogen guiOT?«»3-&. 
1 2 0' CT3 Oftffl^-tbtc. 
[0023] oi»T. APTMS#UiUcSffil £GC 
PjS$#tC 8-12 ISHft U 2 -3©^S*?f rtTgt^ 

[0024] j/^>#»^';>yjw©s i o,mm^<D 30 

RtM*~XMi. PMCflr^StVCfcO. K. C. Vran 
cken, P. Van DerVoort, K. Grobert,*J<fcU f E. F. Van 
sant(C«fcSin Chemically Modified Surfaces, J. J. P 
esekfl. I. E. Lerqh (The Royal Society of Chenristr 
y, Canbridge, 1994) pp. 46-57fc:ia$B3*l't<,>5. 0 
1 (a) KS*TJ:5«c-. SiCIIlB, SHSUCS 
6 S tlfc t * fc F O +^ (hydroxyl)®r^$ tl* £ 

4#u:<»i6tmr»a. iRHsn/ct FD+^siig 

* ? ^ U > ^07 5 >f i-> 7 WB, 01 (b) 40 

mtls ^^Jft^^ffT. ^fflHCTk^JS^ (hydro 
gen bonds) ^fiST 6. t ©^SltCl (physi sorption) 
©8L 7 5^*©M»SHWHCJ:9. f5>©B«»£(d 
irect condensation) «t#(Ri§) S«j©i"J 
3>i^>a+U->ig^(siloxane bonds)£J&?fc-t-2>„ * 
©&». 01 (c) CC^i^JC. APTMS^W. 
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fcE^r^-hGCPKia-ri. rs^S^^abWbS 
n> C*iK:J:'K 01 (b) ^cjJvr,J:5K:g®^c*^b-c 
jE©s*ffiTC!>«^;lP)ft£. 

[0 02 5 ] GCPfrhfUCffinZtittAutt. iEKW 

a»MfcWair»©"C. S«2©Siffii -Bc@ 

5£3*lS„ iOilfcffltt. A. Doron et al«l<fcSLangmur 
11, 1313 (1995)*$.* J/K. C. Graber et altCfc ^>3.Am. 
Chem. Soc. 118,1148 (1996)£#M3*tfcl\, AuS 

*3(D&m<Dim<D&. s i o l mm\±<Dmtit^ 

[0 02 6 ] 02Kl7K-rJ;^tC, Au^3±OtOl 
S. SfefeSfttOIIS. ±fEEP96 300 7 79. 4* 

«7 >f 7© J: 5 &«jt*»*fc»Mc J: »)*« t,fciS«>i£ 

[0027] *^^c «fcn«. 0 1 te<fcc*2 vnnrnvtc 

14#J(surfactant)-C«-f C©$&|?ffiffitE8]«, 
j£fiOfcAu&^3£g©2*>6B?fi!(U fcfcHKlflK: 
#JBrtraWiOtfi£ -f 4 C £ tc «t 0 . j§(C^ft 3 
If *. 

[002 8]H3(C. RSSU7<:Autt : F-3%7;l'*> ■ 
*ar-'*1-ttfc*HS (CH.) .CH,T«Hi-r«-ffl 
cntc«fc»)gJfeSt£;*J4CS 0 03 (b) Km 
Tcfc^Ki. »t-b. Au30^5r;H4^3{c©#an/c 

(tju*>^^-^©) ^^©^tcttf 
ictO^l^fDtt©^. APTMSJ14©7 5^S<!: 
«4^r 3 ©^M* <b©r B 1©ife^K:g&g!!t)4 C £*1T? 
*©*$*. Au^3tt. *©ttT-3©aif*^iS 
-T 5 * * - *v m £ tx 6 <fc *) K S „ 
[0 02 9] 03 (c) JC^-r.t^K:, ^K14^©](S 
£K<fc9®£3ftfc£&-?3« > CCKSo-OSfifc;* 
tl« S«2©^Ii±*««|nJli£!fei. i-jt. Cft?> 

©js&sn/c^i^BSis^ffiiT^aiib. nasni 

T^SWtC. Cti^B. Au8i^£S1S£©ra©7 7> 
• ■fJl' • (van der Waals)^(C<t OiK ffi^S 

[0030] g«affi#8g«>tat;ft(kink)©<fc 



(6) 
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mtRicmft 3 n s <fc ^ tc a $ - > £#$-r 

•So C©<fc5£lyr^l£Lfc7vM*©JUWJ#&y 
TfcStBJJ-r*. 

[0 03 1 ] Aue^JS©/c*<DWB 

riteSU or. 03rinrj£OfcJ:5&7;i'#>**-^ 

<oRt> o k * ->i>fri- %m i> -a c £ <D$fig*^-r. 

y**-JWjHP-r«tfc%HS (CH.) ,SH£#ffir£te 

r. vrt-frjwpojt^m^ 3&*3©&K:*t 

?i>£*)%U,mtn&<DtctblC. Aue^©APTMS 
^tcHZo-CRbD, *©f£*. AuiKtf3ttS«*>e> 

[0 0 3 2 ] T <;jUJ/^j|--JU(Aryrld1th1ol), 
xb 'J;UCdi-isonitriles)«. 7JU*>^*-;K0R§ 

©turgors*. 

[003 3] 04 (a) CC, 2ffl©Au&?-3rt*81S2 20 
±©S i 0,JHCMf^3ti-Cl»*aff*^t. H4*JB 
ai/tli&APTMS^-Btt. 7)\>*>m<D-ffiiC 
*lr»T7 3'S7&rr&. T^*>*8©tt»tt. S 

*. APTMS!4©*H 1 6k:£ttA*ae>ft l 7 5 
7#Au-NH*S£l 0*JgRSf4C4KJ:»)Autt-T' 

[ 0 0 3 4 ] 04 ( b ) ». »«4^**-;WSl»K* 

-c»issnfc7;u*>ifii 2*>6fc*. cos** 

f4Slt>«Wtt*wb. J: or. &Au*4^©as«:8 
Ltfc. y^^jOlB. APTMS^-6 

Autfc*3«S i O.JBlfr&jBttSft*. 
[0 03 5] 04 (c) fc*fc>r. «M&©Autt?3tt 

StxcgttU -e©«*£orgifty;u*^"*>Si 
s«, uwrsAutt^is^or. -e-ft6£-*s«c@ 40 

JW«. C©li*£04 (c) ©*m 1 aJCfcOiR 

3BR. IBttSftfcAuttf 3 tt£*U J:9rt*& 
@£«5£&£. *©&*. AuttT-ai#(D9tttt«S9 

HfltbP-afcflHitt. 8®(C*ttr7T> • 
• 7-**a(Cj:g«<IS£3ftfcAu!frF3©.W*»6 

4x(c*tJffl-f*t<!:#r£.s. 

[003 6] cne.©^a-fe^*fflt»4#— oz-hzy 

znnrniiimz&LTKimtz. 0 5 
r. #-**^>y***«ii*sm©^«MJ 50 
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-r*. 05 (a) ccfci>r. S«2«. wa©J:5«:. 
*©±(C*Uj|ftSttfc 1 5 *P>J¥©S i 0,Jg 1 £W 
-f*. C©JHlttl 0 0nm©PMMAv;**l 5(C<t 

ossssn*. ae*oyy^7^-ssfi{cj:o. c© 

PMMAvx^CCJfflgl^y y M 6 5:0)50. SiO 
1 £Btti 3 C fttc J: 0 » 6*i *8t©i®w 
B3 0nmt4)5. 

[0037] oc^r, moxsKmambx. ® 
rtKawtWKAPTMsojB4*jisaiofc. our. ir 
»bfc#ttr. APTMSn— f -,>^4±K:£iKtf© 
JB*iaEfi3#fc. C©<fc^{cur. 8I©J£SI5(C©*^© 
3— f-^>y*M96tifc. C©3-tw >*©£&* 3 
\i. 05 (b) ©Stg©¥ffi0{CKS|^3nrt^„ 
[0038] *©«. *tt^Jg*7*/;>^*-*r* 

ar&. 05 (b) KHifrr&ir?mftsir>7** 

7**>^*-A©— l/C©. 1 F^*>^*-* 
(1-dodecanethiol) (CH, (CH.) „ SH> ©5mM 
x*y-jM§$«C2 4B$fflgU x^y-jVjfr-Tf 

«f. a»^>r«ai8*&. c©toffl©jam*05 

IRBWW»«I«>. CC{C. HJ»©^&^3^^^ 
0. mw-i Fx»i?©S3*lSj«:f&or^5aifiC»'7 
-f+*»dW*. C©«fc5K:. &iP3©tll^©gB«ig{ 

ib«0 3 r^ ofcg^SJc»*j «t cm^©«x ^ ^© 
3ns^©ii^a. : t^<$iJifip-rs^*J*s. $6 

8l©iB«t£iT-itS© 1 0ft<t < ftWhttft 6 
ttl>. C©^r«. 8I©*IB3 0nmr*«3. tft^ltS 
ii4nmt*i. 

[0039] il©*©PST^ti^(ffl©«^?:?Siltc-r 
*r«BiLr4>J:i». cticcto. 04*#eiL/rfiji 

btc&*> fC^W^WtC (covalent1y)ttf *I6^3* 
5. 

[0 04 0] W*±#ofcSfll 9a. 19btt#-m^F 
h ^ >3?X *tc*rt* 5fi6«lW*S-?-^«l©fc*«C*Jfflt 

&£j$-r&. 05 (d) K*J(,>r. KM 

>2i, *sj:e/y- h 2 2©aft©»sacoi>r»wr 

•5. 40nraS©650, 0 0 O^T-a©^';^^^ 
j»i";u- KPM*\)£. BOnmlOl. 15 0. 0 0 
0#^ffl©PMMA^6&£2JlU^;*h&£L,j^ |- 

M-jr->{b«Cffll>/c. C©Ui/^ \-3klC8 0 kVfl-T-t 

^y-;l/(2-3thoxyethanol) :y^y-;U=3 : 7©g 
^ffl[r3S»L/fc. XS3K9(vaccun evaporatio 

n)«r1fot. geig£Lr©5 nmJ?©C r)gte<tc;c 
OC r ilK 2 0 n ml® A u H?:ML,fc. 
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0 . £138* >J 7 r * 7 L . jS^&igftdiltra 
sonic agitation). -Y V r/cmV — ;U(isopropanol)tC 

CO 04 1] 05 (d) tc£mmmrt*-y<D¥WW$: 
TjVf. * [•v^^m.^tS 0nmifI"C*0, 7*rUV 

fc. 05 (d) Kfc^-C. "S" . "G" . "D" «. 

•e-n-eiiv-^. y-K KM>*iW. v-*s*j 
cft«c«fc o c©$£&js* h7 -r^tcmstttK^-r* io 

©WJig*^3 0nm8in/c&g{cifflgStv^. ttt&© 
SStcJ:0#-1i^h7>^3» (SET) m&Zti 

sstft© s e Ttc j; •) i> a c <t Kg 

SSftfci,*. 05 (d) (C^0/t^iR'Ctt4iI©SET 

[0 04 2]H6*#JHLT. KT. *»WKJ:*tt© 
^'■WatBMWS. 06 (a) K^TiStC. v-a 

2 3, KU-r>2 4*5<fcU f y-h2 5©«fi«, Sii 20 
*1 ±(C$U&S<*iffc2 0 0 nmJI©S i 0,JS±(C^ 

i&Zhz. c*i6©v-* FW>*$<fct;y- 

tt. «£*©** K- ±VV#9?4 -timiC J: 0 $0t 3 
ft*. V-*2 34»J:tf FW>24ttl 5 nmttttfll 
t/CEBSti*. «fi«Rtt«^se>(C. 4 0nmJf©6 
5 0. 0 0 0#?S©PMMA&. 6 0nmJV©l. 1 
5 0. 0 0 0»*M©PMMA*»&&S2Jil/J>aHR 
SrU^* h^-^bfcfflOfc. C©Ui?.* r&(C8 0 
kV*?-lf-A*JB«U C©I»f3tlfcU5>*Hfc2 
Ih^ljy-^ (2-3thoxyethanol) : £ -/ - JU= 30 

3 : 7<om&!6Xm»blL. *©&. X2K*«1?-> 
r. S#l§il/-C©5nm®©CrlS*$J:^C©CrJg 
±tC2 0nmJl©AuNt*JBlSU 2 0nmJI 
©Au)8&C rJR©±K£lft(,fc. C©tJ->7" 

;i/£7-fe h >rttc~ l 2B#raafct«:«t<3 > 

KJ:«1-r«f, *J:e«#:/lcJ:4tt**fT-afc. I 
5 n m*> 9 7'©jfi${C:tett££flSI§©¥ffi0 ; &06 
<b> (Cm*. m®2 3. 2 4. 2 5tt. ttiBftHtt 
©#£"07* V btxtctfls? 40 

F (BRH*r> 06 (a) © 

ss/'<»->*#r«^>^«. wwt (~3o^) 

WR^X-?K4tCtt»Lfc. *©&. APTMS& 
8. «Hr>TGCP««aH»*W»©J:5«:»fO. 06 
(b) fc^J: V<cflS^ttMil©Aut^l^ 1 3©;>•*-- 
>£Jfri5^'fS. 01. H2rWfcLfcJ:SK:tfrfffl©* 

*wk«k j: o a u a*3 «»(3EHHMn«tnan-cttnT 
[0043] *©£. 04 riBWUc^fc-eSMfb* 
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©> y-XNE 3i FI/«f>ttffi2 4&©M©¥+ » 

t'i*. liflio-oicji-jT^'] »ytsc 

S. C©«RK*06 (c) Kw-T. -Tfctofc. tt*«2 
6tt7-**}J:tfF W>S&2 3, 2 4£7"'J ?i>L 

ti»*. tt?|R2 6*a*tt¥©#|fttt. *-n>-7 

[0044] ±&Uc^©Q*©^fc<l:tfgJgtt* 
»8©*Hl>ifcA4. Ag. Pd. Pt. T 

i. Cu. Cd. Hg. Al. Nil?©. AufeW©i 
<D:aa<f Ftttt?. S i O,. A 1,0,. N i 0. Ti 
0,3?©£JI&<b«J. fc<fctfSi. CdS. CdSel? 
©aNWM^tttBinfre**. 

[0045] Sfc. Ett*3Seftl/feAu,,*?aar± 

?zmcnm*$x.zctifivz, c©j:5ft*-7** 

ur*«ft*fcfe*afflllttT**. c©<fc5ft 
tt*4©fl2j£©fc©K:8. fiflESchon et al£#Mi*ftfc 
»»>. 

I o o 4 8 1 >* » ^ y > Aft -sites* 

Al*. 3 - T 5 V 7*0 tfJl> V 'J ^ h * v > (3-anino 
propyl trimethoxysilane)te «ti>'3 - [ 2 - (2-73 

(3-[2-(2-ami noethyl ami no) ethyl anri no] propy 
1-trimethoxysilane) APTMS tftst'mCli&V 

Wt§tlfcT3^S©fi»ttMft4©r. Cftfctt. ^ 
S'>7>*^-^rt©^ar 3 y»(c «fc «3SI«a3ia 

ttc. *mrt>~c. -coo- <mv%<o 
mmm.i,xim? z>*>\<**is)m (-cooh) © 
i^ftfiijwsiTs^s^a^-rscitcjco. 

[ 0 0 4 7 ] $ Stg^©^ftiffi*^b-a-<!:« 
(HS (CH.) „X. X = COOH. CH.NH,^) * 

ffl^scife-cts. ctib<Dmmmm\t> au 

li^JiSS S #/cS«affi±«Cig|*ff©^ji^**T. 
C©i$ffl«. R. G. Nuzzo, L. H. Dubois*? £l?D. L.A1 
lara^J:2)J. Am. Chem. Soc., vol. 112, pp. S5&-569 
(1990){CfeiSSnT^5. 7— JPS(tail group)£l/ 

[0@©ffi#^^] 

[01] Si O l Sffi©lil0S»rffl0 ( a ) . W&->-7 
>* v 7 y > ^ffjr^a L/ /tft©2«{©KS0 ( b ) . 
*j«ty«^-iSS7"a42X©S!lBS»rffi0 (c) 
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[02] SttLbv©*^-* • **-JW©&*©j£ 

[03] fiJcgS^/c&^iS^icDffflO^^Ogi 
QBH (a) . r;u*> • **-)V*mfcicttm2itttt 

${C*C5gftSft.Olft^0 (b) . fciO'TJl^;/ • 
0 (c) 

[04] (a) (b) (c) «T;U*> • i^*-^ 
£J8t>fcE&&l6©fy|K:g1£j!P A u HL+ifiMtilZ ft-S 

ot«£u (a) . ffttsn (b) . o 

htiZ&lfcOWW® (a) . 05 (a) Kmlsfc?'i<f 

3?^B«1-4B»RJ6«©H5 (b) tc*ttfrr*B 
(c). fe«fctf|l-**h 4 OTttEtSfc 

»{c05 (c) ©^-r^tcmustifcwsowttWH 
(d> 

[06] *»WKJ:4ft©^Wx©i|»{cffln4IS 
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*«©tB9!0 (a) . Autt?4IB©ttttft©HB (a) 
©S«©ittW0 (b) , JaAlMtfiSttfcAiitfrF©* 
££3lti8c-r|gj&5l&&©06 (b )©?'<<{ X©K 
910(c) T&Z. 

l s i OM 

2 

3 Auffr? 

4 APTMS© 
10 5 -ftf>JI 

6 APTMS#* 

7 75^8 

9 !/o*+ym6 

1 3 y^»^jr>S 

i6 m 

2 3 v-xsfi 

2 4 Fl/OW 

25 y-hmm 

2 6 ttHR 
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MM 



4- \aZ — 1 



~K 10-Jft Au-W« 

r 6 4j™*> 
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[06] 



(a) 



(b) 
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